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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
magnetoresistive effect element comprising an exchange 
coupling film exhibiting excellent thermal stability. 
SOLUTION: The magnetoresistive effect element 100 
comprises a free layer 101 easily making magnetized 
rotation by an external field, a nonmagnetic layer 103, 
and a fixed layer 102 formed on the free layer 101 side 
with respect to the nonmagnetic layer 1 03 and is not 
easily making magnetized rotation by an external field, 
wherein the fixed layer 102 comprises a first 
nonmagnetic film 104 for exchange coupling, and first 
and second magnetic films 105 and 106 exchange 
coupled antiferromagnetically through the first 
nonmagnetic film 104 for exchange coupling which 
contains one or Ru, Ir, Rh and Re. 
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tti^etKvmMi xtUM2xt 2li*Rtti:gio 

[0 0 5 8] iPt:«Tli (Ml X t 1 -M2 X t 



2) &mktetbte\**£i\zmm-t&&&&hZo 

[0 0 5 9] BHfc6iMiH2^*bfc«««St«!i** 
fioo, 2 0 0l:*^T, «fffc-«o**«SUgtt 

L^b*^5>, *3S9! J±M lxtliM2xt2 
Office^ (Mixtl — M 2 x t 2 ) ifi g ±J| 3014 

UT»^5fc», COM 1 
x t 1 <bM2x t 2<D«wiSr|llt6-ti:j:5, X 

[0060] x«*aa»**^a«*j*ft-t-si:, 

ttiK 3 0 2 Sr^LTS3ft«tt» 

^*»3B-&Lfc— OOBW4BI3 0 3*3«fctf 3 04^tf 
g*if3 0 1 SrWtSr i:l::J;9J»»6>iffc#LTRjE 

1301 ^Mf§Zo(Dlttl3 0 3*5cfct/3 0 4(75 

a>ft:<hj8iJ¥o3f<7^iio *9 2T (7^*7) 

[0 0 6 1 ] 5 te* #frKt£«3 o 2 ^^Lt$t 

^ VfcZ.-D<Dm&m 3 0 3*5«tU«3 0 4 ^tfg&jf 

of;i££g£jf 3 0 l(D (Ml X t 1 -M2 X t 2) <D 
mikJjft k ftUmftJjfa&Wfr <k 5 «fc 5 icflfrfbEHEi- 
5 d 1*13 0 1 £#B£14J8i3 0 2Sr^LT5ig^t 
fc-o<7>Ki±lK3 03fcJ:tJ«304 *Stfffij&k IT 

[0 0 6 2] KtdEmei^LfcJ: 1 0 2^^ 

#&&m3¥9ffim 104^ LTKS*«ttttlc£|fc|g-& 
ltv^s -oos&t£J^i o 5&1>*1 0 6 &<atfffil&h-f 

***«*atta*»^t+4ct3fts^ffi-efc5 0 co 

i^SSl3 0 1 fc»*0«ttBtl 0 5 t 1 0 6« 
ttlBlt-efcA^. 4fcH3TBiS|l0 2 
i^S3i®+4^2 0 l Sr#i-5t><^Sr*Lfc^, 
^2 0 l ^t>«^t Ut6t\ 

[0 0 6 3] l^ifii?J)$i^ 1 0 0 Sfcfi 2 0 0 
*lx5H*JB l 0 2«ii o 5 t i o 6 tw>4:< 
kt>— Jj\z Co &±&ftk LTB^5%^_h3 0%^T 
ttt^CoFeB, CoNbB, C o F e N b B ¥?CD 



(8) 



2002-190630 



§4/110 I4fctt2 0 l<0«ctt«4m^tt*$tuBdE 

[0 0 6 4] ^fcWftfflftab**^ 3 0 0 
@3gJf 1 0 2 <DB£ttK 105i:106tg4i301(: 
£Sft£«f4fflt3 0 3 £ 3 0 4 4: <ZV>*< £ fc loicc 
o t IT B & 5 %&Lb 3 0 %J^"Pa #-t~5 C o 

FeB, CoNbB, C o F e N b B m<Dffi.&m$:m V * 

[0 0 6 5] m 1 — 0 3 ^SftSB^Jf 1 0 2K-&S 
nSfttRl 0 5 3oJ;l>*i o 6, <e&tM;:ia3^*ft 

^§41301 ^£H5®*fcj8i3 0 3*5±LK3 04 i 
ITIiCo, Fe, Co-Fe, Ni-Fe, Ni-F 

fcriSS£LV\» S*Ji3 0 l ^44x5fltttfflS3 0 3 
£t>*3 0 4 t LTI4tt«*«ttS:*i"fc^*sa* L< , 
N i — F e ^^N i - F e - C o ^<D$£t£)^£^C9±« 

[0 0 6 6] Ell -El 3 ^1-@3tjf 1 0 2 ^1)41 1 

0 sjsjivi o ettWKMttBt-cfcftv*. HtifCoP 

fc&SWiLfc -M^LtliCoPt/C 
oFetffclfbftSo XlSil 0 2ttR3ft«l4Ht2 0 

1 ^M^L«Ml 0 5*5j;tf 1 0 6^tt 

[0 0 6 7] H2teJ:Via3fc*'rR3S«ttBl2 0 1 £ 

LTf4, T-Mn (TJ4N i, Pt, I r N Pd, R 
h, Ru, C r^b»i*L5 l«fcL<tt2fllSl±<757C 
*) *^A«^a*UV\ WM'CttPtMn, Rd 
PtMn, NiMn, IrMn, CrPtMn, RuR 

itfi^2 0 1 AiwfiN i F e C r &3Ef&& k-t&bO&m 
V^5r.i^a*bV\ :o»^NiFeCrtt*BttT* 
fc5:t^gjt<, C r £2 0JR^%W±^*1-?>ffl. 

[0 0 6 8] S**t@3e»SrBS«;W^PIti-*#«tt 
ifl0 3£LTI4, TMRS:»6fc*Oi|!ft|fcBt^ov^-C 
(4, AIO^AIN, A I NO, BNfSrffll^lt^ 

^UdCu, Au, Ag, Cr, Ruf lr»ttll 

0 3Jdffiv^Sr4:35sa*Lv\ #8BtfcJf l 0 3 t S fiajf 

1 0 l*fcf4 3 0 1 k<DM. Jb5^tt*«ttil03t 
BJtJi 1 0 2 tOflUt;:, /^7^^/^t:V^i^ 



[0069] ztib<D*ni&<ntei&\z»zmfmtiL%}Sk 

*^ K5 0 0^HT*5o 
yK5 0 0lt K8B5 0 5Srffl^TV^ 0 

»4^y K»5 0 5fi, ±«B->— ^K5 0 1 t. TUis 
K5 0 2<t > ±SB$/— K 5 0 1 t TSlSv— K 5 

0 2 t^t:MJnfcSt^tyy5 0 3(^*(r^{t 

tn^*iiis^»flB^ffis«ft«tt«i**^ 5 0 4 1 * 

^AjX*^^ 0 Z.<D~ o(Oy- yUK5 0 l*3«ttJ?5 0 2 ft 

[0 0 7 0] 5 0 6 IwBSE^flEixi <t . iE»# 

—^5 0 7 i±»v/-/uK5 0 1 t<DB»w»J**KfclB 

<DiB%-MR&n£.*c J ryzf5 0 3 (^K^t^y) 
MMNtt "bftfcffiMffi^**^ 5 0 4 ^«E*Bi5 r £ 

[0 0 7 1 ] H^ffiStaSilt^ 5 04 KttH* Lftl * y 

- vm&t>m»z tiZo ««ffiffi2&s*^P5 o 4#gm 

R-C*>5»-g*t4, Iow^/i/K5 0 1, 5 0 2 4:16^ 

snfc y - mntm^&mmm^ so 4 <ott\zm 

(4, m^ffl^**^ 5 0 4 <D_hT^ y - KttSBfttftMK 
SiXSo BSMMi^ 5 0 4^TMRtfc§*^ 

»±, Btftfietax*? 5 o 4 w±Tt««snfc y - k 

*SeBSr_bS5->— /u K5 0 1 *3 J:tfT8B*>— ^ K5 0 2 t 
ttiftiggtt, ±«^— yuK5 0 l*3«tt/TSB^— 
0 2*«y — KIMB*rJltia5«Jti Lttftv\ r. 
0*ififcJ:fttf«£3f*y7'5 0 3^J;«<t5:i 

[0 0 7 2] r(75j: 5^***<o«l»fcJ:ixtf, jftttft 
3fett^«ixfc«*«giS(i**^ 5 o 4 SrfflifcS^y 
K8B5 0 5Sr*i-5««^^ K5 0 omt^ri^ 

[0 0 7 3 ] B 6 te, *Hll|(7?»l»^flR5«fil«gLa«: 
^Srffll^fctt^KjK^y K6 0 0<Z?«fiRH-e*5 0 « 
^^^/ K6 0 0(4, "±SBS/— K60 2 t, TSBv'— 
^ K6 0 2 ^TSBv'— ^ K6 0 1 

t nmzvtft e>nfc««fia:a**^ 5 0 4 1 ^fit^x 

U W*^>f Ktt) Sr*iaTi^4o E 6 "CI4TMR t L 

[0074] 06 j: 5 \z y ummw m^it-r) 

1 fc*ffl*nfc3-^«B^»ox«ft«Si8b**^-5 o 

4^***1. 3 — ^»6 0 l^*(M*Snfc»«RttS** 
^T-5 0 4{^J: VWt^WlbtlZo TMRir LT^JKSHg 
StS»**^F 5 0 4 (C{4, ±« y - K«^ixtl^ 0 



(9) 
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TU K601 tt, «««#i#J**^ 5 0 4 (r^M 

*n*T»y — K«rSb»-j»fflu-ci^. $e>c\«ft 
5 o 4i:^s^ssi^ ti<« 

tt&TSBv— /uK6 0 1 iifflUtS^ e GMR 

t Lxm^Mmmm^ 5 0 4 £/bv^c^h ®fts 

8181**^5 0 4 £ 3-?U6 0 1 fc*r»|»Lfc«JBJli: 
[0075] ^^J;5C*ll*w»J;nH HRWgc 

jettKflEn*:8t*«»ia**^ 5 0 4 *«;tfc3-* &■ 
[oo76] B7it *n*(D»«^«5aft»»tab* 

**fcttefc**^* Kfcfli^fc««lE»W£S«7 0 
KSr«V^THDD4S5^BI«;!B»f5*K«S: 

«*i-*^i^ , sriiB"Cfc*. m7iz^-r£?\z^ mum 

»S£3£fi 7 0 0 ft, BSftlBftSSCft: 7 0 3 dlf $g£f5® 
W£1-5»ft^y K7 0 1 t. v K7 0 1 

t/c7-A 7 0 5 ^ T — A 7 0 5 *SBt6i"5K»gU 7 
02^ mm^v K7 0 1 fc±oT««lEft»Ef*:7 0 3 
**5>H*Snfc«-^*5J:tjqK«l^y K7 0 1 iUotS 

*ia«a*7 o 3 ^mm-r^m^^m-r ^m^mmn 

7 o 4 iSrffltiTv^o 

[0077] mmn 70211 «ft!E«jB£# 703^ 

K7 0 1*1 a«tlE»«E{*:7 0 3tr|E«$nfc««-S:tt 
^ffi-To «^-«LSSB 7 0 4(1 yK7 0 1l:±o 

T»«iiB«ka#7 0 a^fett^tusnfcw-g-srs^i&a 

i"4o IE»»^*3V^-Ctt, 7 0 4 f4«ftfH 

»K#7 0 3 fc|E»T-<#«*S:IE»»«i-*o $£ft- 
yK70 1lt «*»«»7 0 4fcJ;oTiaMteS£;ft 
fc«»&««iB»tt#7 0 3K:ia«i-5. 

[0 0 7 8] X^*llliS^®!»lw«5«ft®^:a**^ 
£rfflv\ ^nfc«»«r»*-t-5!7- Kilt 
Kf^ffitfC £ri?^ £ 5 ir v ;* M i: £rt£ ft 1] 8 *5 J: tfEl 9 

[0 0 7 9] EI 8 ft, **»<^»lftfw«5K«[«gtSb* 
i^-80 1 3r GMR ir IXffll >fc> 4 y — 8 0 0 <D 
Mf&mX*foZ>o ^^8 0 0fl GMR^LTCO 

iKftttfitSai**^ 8 0 1 SM9f;iTl*2> 0 Z.<DM%mnM 

mm^-s 0 1 ^st:[ii»i^8o 1 \zmm 

£ftfcW*&R*aW-fc»<&ir:x;*M8 0 2^S«K*n 

0 1 Jcft*S:*#5itpfc»^2*<D!7— KM 8 0 3*5 J: 
t>*8 0 4^Kftbnxv^5 0 

[0080] r<7)^^ey-ii=-8 0 o^ffi^fii^ h y ^ 



^^tt(-E?'Jt-5ir, 1o(^)!7- KM8 0 3*5j;t>*8 0 

#j&trwi*WIB-e*>4 0 ««£<0«tn5*"|6]fi!7— KM 
8 0 3T'H*SffilcSB:^rS]"e, 7-KH8 0 4t1i3ffiS 

[0 0 8 1 ] i9ft *H*0»JB^ffi5«ft«^;Sft* 
^F9 0 1 TMR <t tt^l^^^!j-i^9 0 0 CO 
ffif&mXhZo ^^!i-*T-9 0 0fl TMRiLTCO 
^ftjSfetam^T-9 0 1 £rii;tTl^ 0 
0 Oidll BMS8i£iX3lF?-9 0 1 KW«**#i&4>fc 
**>!7— KM9 0 3*SK»tbJxTl^5. aftS^** 
T-9 0 1 (D±TI-fl ir>-*M9 0 2 i:i?V*Mi:5lftffl 
0 7-KM9 0 4 tas«N*S*vCV*5o 

[0 0 8 2] -n^^^ey-^-7-9 0 0 h y 

^^^la^H-st, !7— km 9 0 3 t±>-xMtm 

m<oy- KM 9 0 4 i^*WH: i 91SifcfB^8£ft*& 
*|pjtt!7— KM 9 0 3-ett«BS^Sit*rRl"T?, i?>-*M 

tmm<D9- km 9 0 4-ett3BEffirt(^fe^*i6i"ea> 

[0083] g]8 fc^-r^ 4 y m^F 8 0 0 i: El 9 \z^-t 
**E» — iff^-9 0 0 fc<0»*5j&f4, 

Ofctev^tt^^^y-Sll^SrjtyiHc-fe^MS 
0 2«C(D|:^lt, I9w^y — Ht^9 0 0tw*5 
^Tfl^^^-y-^Sr^iJtc:irv^M9 o 2tfSJBO(K 

[0 0 8 4] :tlbO«!)-*^8 00^J:(/900 
lw*5V^Tf4, !7— KM 8 0 3*5 <fct>*8 0 4 4^1:7- 
KM9 0 3*3j:W-fe^M*7- KM 9 0 4te*«ES:«t 

8 0 1*5*1*9 0 1 K-tn-Pix^*lx«e*«oWk«r 

M8 0 2?S^I>*lc:ir>'^M9 0 2 *5<fci>*ir v^M*!7 — 
Ki9 0 4ft/Bv^t 1 «««tt»**^8 0 lisitrg 
0 1 iz-tn-eix^itts § *«owt:*f6j <t n^iico^ 

[0085] Z<D/*rV 8 0 0*3±y9 0 0 (40£ 

fty^ey — -efc5o-e^**^*y — oDRAMtf4* 

#^^/^ffiL0tfc^e^frt4«ERStHlT 
[0 0 8 6] ?tjo«±f4l \fy h^^^yi^-Co^-C 
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[0 0 8 7 J 

[syfew] mmmi) mm^s u ^^^fcc 

Pt, CoPt, I r , CoFe, A 1 , Cu, N 
i F e *m\*^T*'<y5WL*m\<^Xm 1 1^1" £ otSiU 

£B«l3iffl<b ITJI^ 50nm(DCu/P t/C r jgl^tfc 

1Kb, :^il:WT^«^M*^^ML 

IHSWKW 1 : C o P t (251/CoFe (3) / I 
r O (0. 8)/CoFe (3) /A 1 O (1. 4) / 
C o F e (1) /N i F e (3) 

fcrtib () rtf*j«J¥£:*u Iftinm-CiS, ttl 



[0 0 8 8] WMWUKjav^T, CoP tftitfc 

oFelt El 1 (Cl^i-BttlK 1 0 6 \Zl$fcirZ> 0 I r O 
tt**fe*JB#«tt« 1 0 4 tC#/£ U C o F e ttfflfctt 

Bti o 5fc:*tJ6U a l ofi, #B£ttJl l o 3\z%ifcl- 

£ Q CoFefctl/NiFelt SfiflOlCMt 

[0 0 8 9] **«Wt»i wKS:* h y y^9 7-r— 

ffl^tffi i ^ m x i ^ m^gfeiM^^ mm 

SrA 1 O-eteftLfc^^/w— xh— /uSrBBJtT, r<7)±U: 

5 0 nmcoc u/P t tt*fifc«L-CJb9B««£ L 
fc. w<D«fcb-Cf^»Lfc»«a«iab**^Sr4 0 0°C 

*-c*Mtwu *a-eK#*:5oooeBiioL-c«fta 

l) »c*1- 0 

[0 0 9 0] 



ro 


300 


320 


340 


360 


380 


400 




31 


31 


31 


31 


31 


28 



[0 0 9 1] (36ife0»2) ^gldS i , MCP 
t, Ru, PtMn, CoFe, Cu, A 1 , NiF 
e, N i F e C r Sffl^T^^y ^ jSfeiffiV^TB 2 C/T 
i-i5ft«««ttS(l**iF'2 0 0fcffj«Lfc. *fSi 
£lg±lr £ LTJ? $ 5 0 n m<73 Cu/P t 

3H*0»W2 :PtMn (25)/CoFe (3) /R 
uO (0. 8) /CoFe (3) /A 1 O ( 1 . 4) / 
CoFe (1) /NiFe (4) XPtMn^TM^ 
UN i F e C r */B^fcfc<7> fcffrfc Lfc 0 

: N i FeCr (4) /PtMn (2 
5) /CoFe (3) /RuO (0. 8) /CoFe 

(3) /A lO (1. 4) /CoFe (1) /N i F e 

(4) 

A :PtMn (25) /CoFe (6) /A 
1 O (1 . 2) /CoFe (1) /NiFe (4) 



2»il*3V*-C. PtMnli, El 2 ^^-f-R5SK 
[201 fc#JESi-4 0 CoFe fiS&ttJgl 1 0 6 fc*frj£ 
U RuOtt«^^«#«ffiBti 0 4fc*tJC-t-* 0 C 
o F e tt«tt« 1 0 5 U A 1 Ofi#«t£H 1 0 

3(r*flCi~5o CoFefciWiFelt gftllO 
H3»JSi-5 0 iaS«K3H.2A^*5V^-C, NiFeCr 
ft, T*«2 0 1 -t<^*fcl4^JS«Ks|s|-2 

[0 0 9 2] fcClRuORtA 1 ORliRutA 1 £ 

2fflWt»llf:i, 3Wmft2&tFKftffltt 

»A<7)jg|£* h y y^77^-^t^il ]U mX 1 /i 
m^«ft«ttab**-T-t U /HB£:A I Ot?|ft|»Lfc« 
/USrBBttT, r 5 0 n m(DC u / 

Pt«trt«Lt±»tlii:Lfc. i^iiatMt 

»*r5 0 OOeBlprLTSmatt^fc* (KTMRltt 
SrWJfeLfco (*2) 
[0 0 9 3] 
[312] 
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CO 


300 


320 


340 


360 


380 


400 


<0MRlfc(?O 


45 


45 


45 


45 


43 


35 


<0MRifc<?O 


46 


46 


46 


46 


44 


39 


©MRit<%) 


42 


40 


18 


2 


0 


0 



[0 0 9 4] (HJfc#ij3) SSCS i , ^-^y M^T 
a, NiFeCr, Ru02, PtMn, CoFe. C 
u, CoFeB^l\ ^^y^ffiSrfflV^-CH2^*i- 
J: 5 ftBftfittM*^ 2 0 o Lfc, ^fSiS 
Sii:»S 6 nm^T a/N i F e C r »fc|j«L, ~ 

»6WWSf3 :PtMn (15)/CoFe (2) /R 
uO (0. 8) /CoFe (2) /C u (2. 4) /C 
o F e (2)/Cu (1)/Ta (3) 

: P tMn (15) /C o F e B (1) 
/CoFe (1. 5) /RuO (0. 8) /CoFe 

(2) /Cu (2. 4) /CoFe (2) /C u (1) 
/Ta (3) 

L R u Oj* t tt R u ^BMkDISr^i- tOTftSR 
utowwsi : 1 SrJtflci-at^Tttiv^o ±i£Lfc 
CO I rO, A 1 OfclB«-Cfc4o ) Jfc«<7)fcAft3fe* 

XNlflKtt 3 

H c (O e) 6 
wO>«KBJ£* 1 0 2(Dm^Mi 06l:CoFeB5:ffl 

5 0 0 O e ITl^fiS 



S§*«IK5|SfB :PtMn (15) /CoFe (4)/C 
u (2. 4) /CoFe (2) /Cu (1) /Ta 
(3) 

^^JK^3(dio^T, PtMnlt E2tz^i-s:SS5tt 
tt^2 0 1(:m« o CoFeli«Ml06C^ 
U RuOltti^ffl»Mi0 4WJSt5o C 
o F e tem&m 1 0 5 C u tt, #fttt1£J| 1 

0 3C^lSt5o CoFelt S^llOllimt 
£ G CufcJztfT a tt, H*U*l^+y7 p M'e*>5o 
**«K3H-3 A^*3V^-r, Co F e BjoiO'C o F e 

[0095] ^^ibun^2 s.o°cx-2mmmm^^m 

y ^9:7>r— SrfflV*-C«0. 5 m mx l M m«CL 

^jfe^JKW 3 a '&m&mw b 

1 9 

3) 

[0 0 9 6] 
[*c3] 



CO 


300 


320 


340 


360 


380 


400 


®MR]£(90 


11 


11 


11 


tl 


9 


1 




10 


10 


10 


10 


8 


1 


1i£*8iB8B 
«3MRJt(%) 


9 


9 


2 


0 


0 


0 



[0 0 9 7] (HJfi«|4) SSlCS i , ^yHCP 
t, PtMn, CoFe, Ru, Al, Cu, NiF 
e, N i F e C r S:ffl^T^s/#S^l>tB3l:i 
-T«t 9 jfyg^- 3 0 OSrMLfc, ^fSi 

ISiCHRliffl^ U"C1?$ 5 0 nmCQC u/Pti 



4 :PtMn (25) /CoFe (3) /R 
uO (0. 8) /Co F e (3) /A 1 O (1. 4) / 
NiFe (3) /RuO (0. 8) /N i F e (2) 
i F e C r SrTttSffil^ LtttSt^t^L 
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3U£0»JK**4 A : N i F e C r (4) /P t Mn (2 
5) /CoFe (3) /RuO (0. 8) /C o F e 

(3) /A i O ( 1 . 4) /N i F e (3) /RuO 

(0. 8) /NiFe (2) 

«*«ft»C :PtMn (25)/CoFe (3) /R 
u (0. 7)/CoFe (3) /A 1 O ( 1 . 4) / 
NiFe (5) 

l2 0lMJSt5 o CoF ett«ttBtl 0 6fc»JE& 
U R uO(j:M^ffl«Il 0 4(cmt-5o C 
o F e 1 0 5 U A 1 Ott#W£J| 1 0 

3fcStJCU N i F ett«tStBl3 0 4KJtlSL % RuO 
tt«*jg-&ffl*«ttBl3 0 2 fc#J6U NiFe te$££fe 



K3 0 3{:^l5t§, H1S«K»4 A^ioV^T, N i F 
e C r l*T#!2«2 0 1 Atw**J&1-£ 0 
[0 0 9 8 ] rtL<bl^£2 8 0t-C2^»^^ 

^77^-^t>Ti0. 2mitiX0. 3p.m(Om^M 

^SrBBttT, rw±l:SS5 0nm<?)Cu/P tBSSrjS 
«LT±»WB4: Lfc 0 w^«HzbTf^«Lfc«ft«»L 

£tt (*4) i^i- 0 

[0 0 9 9] 
[«4] 



CO 


300 


320 


340 


360 


380 


400 


CDMRtb<*0 


41 


41 


41 


41 


40 


37 


®MRJt<?0 


42 


42 


42 


42 


42 


39 


1**«K*C 
fflMRlt (JO 


41 


41 


28 


2 


0 


0 



H=4 OO e H=8 

MR=3 9% MR- 

SfeffiMKiPM A MR=3 9% MR = 

t£*#JiWC MR = 4% MR = 

r b J: 5 K*«W<a««tlgffi» 3 

0 0 « g E&Jf 3 0 1 ^S#N«ttJl 3 0 2 £^ LTS3£$tffe 

*.TAV^T»»*-et+»*#*MRlt*:jRi- 0 :n 
lwStLTtt*«itS-CWN i F e(OjffiJ$(i5 nm"efc4 

< 4 5 . H£ttJl*'/h£ < 4« i S *Jl0flMt:II|i£4SB 

« £ 4 a fc »a«#-e tt^c # 4m r Jtaq# n4 ^ t % 

SWltB^fti:*, SMMtttt4&V4Att»??|. 

[0100] (HJ60IJ5) i % #—>f y b\zr 

a, NiFeCr, Ru02 v PtMn, CoF 
e, Cu, NiFeS:ffl^T^/<7^ffi^ffli^i 
3 5 4»ft«ttJft**T- 3 0 OSr^figUfco * 

tS i S«±tdS$ 6 nm<DT a /N i F e C r Jg|£/£ 

1Kb, r^±l:«T^M^®^SfiiM^S:ML 
fc. 

**SMW5 :PtMn (15)/CoFe (2) /R 



4) /C 
8) /N 



5 4«*^»6)4x&. 
0O e H= 1 2 OO e 
4 0% MR = 4 1 % 
4 1% MR = 4 2% 
2 8% MR =3 9% 

uO (0. 8) /CoFe (2) /C u (2. 

0 F e (1) / N iFe (1) /RuO (0. 

1 F e ( 1 . 5) /T a (3) 

I^M^D :PtMn (15) /CoFe (2) /R 
u (0. 7) /CoFe (2) /C u (2. 4) /Co 
F e ( 1) /N i F e (2. 5) /T a (3) 
^J6MK^5tc:*3V>-c, P t Mnf±ia3tr^-^K5fiJKf£ 
8201 JC#JCi- 5o CoFe ttOtttH 1 0 6 \zmiK 
U RuOfiJft^ffl^Htgi 0 4«lSt§ o C 
o F e fi^tt^ 1 0 5 KJMS U C u te#BM£Jl 1 0 3 
\Zttfc1-%o CoFefci^Ni Felt BttR3 0 4 

Ruon J«i^ffl«tti3 0 2ii» 

ffii-So NiFeft J&ttjgl 3 0 3 c T a 

tt\ H*U4v^*-ty^"C**>S. 

[oioi] me>it»s : 2 s o < c-e2WHM»«#4>«i 

twb-Cf^Kb^i««ffit/tia*3R J F-S:4 0 OtitMl 
U Mtttff i: 5 0 0 O e pI LTi*ttft»W 



(13) 
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££JP:£ (3E5) fc* 



[0 10 2] 
[*5] 



CO 


300 


320 


340 


360 


380 


400 


013*15 


9 


9 


9 


9 


8 


1 


«JMRlfc<JO 


9 


9 


4 


0 


0 


0 



H=4 OO e H= 8 
MlfcmWftS MR = 8% MR = 
tt*«K»D MR =2% MR= 
^Ww**^*^ 0 OI*a**T-|rJt«LTllttlB 

[0103] (HffiPJ 6 ) H;&£« 3 -CfER IfcMWM 
£f3 ttt*Wlt»B^GMRI|)tS:fflt^Tia5^Ufc« 
fi«)B«^yK5 0 0S:MUfco ^yK5O0^)Ett 
^5 0 7t^/VK5 0 1, 5 0 2iI(iNi Fe7< 
:y**£rfl§l^fc 0 K«5 0 5^)GMR|^ h 

7V?m*0. 3//m, MRSHO. 3//mtLfc 0 

0 0£l 5 0t(Ofii£fflf ^A*LT5mA^ttflES:8ltLT 

5 0 0 3&s«*©*njcM:^T*«»wf»»**tt^a[#* 

7 Ki*i-J; 9 **/*<Dra«iE»S£KB 7 0 0 
S:2 0^iLfc, f£KLfcra«iE»S£»B7 0 0<7> 

[0 10 4] (HJ££iJ7) *lt«2XW4'efpajUfc|| 
t«Bt»2, 2Aat/4ifl6*«|*»AJfcVB<7)«filt© 
TMR«SrfflV^TH6^*Lfc«it^«*^s/ K6 0 0 
Sr^St L/t 0 is—su K 6 0 1 , 6 0 2 i F e ^ y 

*CMPBF*Lfc«, TMR^{l^JS^Ji:fi^(CN i F 
eHE^&AMSrttK). t*i:P tMnIti«U ^ 
i^ftffilRSrJgfiSbfco KSB^TMRSt^flg 
tfcftO. 5|iraX0. 5/imiLfc. fHBLfc^y K6 
0 0<?^lft^t££||^5^tf>^ 600*15 
O'C^fl^W^A^TTMR^JrO. 2 V<7)Hffi£ftl 
JPLT5 BMfiWSU I*iRiK»fltIi:«(oai^<75it»S:fT 

K <D m t) <& T M*j 4 % "C fc o fc (£> L T , Vt * ffllKft 
AftlfB«rfflv*^y K«)lBMTttlSl2 l%Tfco 



0O e H= 1 2 00 e 
9% MR = 9% 
6% MR = 8% 

[oio5] mmm s ) n^^j 5 -cflsji ufcsatwR 

0 0S:f^»bfc 0 «*«5T?f^«LfcjOli 
WK»5»V1IE*«ltWDO£tl:ty^*8 0 2?rg 
MU :w±l:A10iSr*il/t»*Lfc8, CuJ; 
5J*5!7— KH8 0 4S:»jBjtL, XZ<D±[ZA 1 OJg|£r 
fiWLT«ILfcll/Cu i^5!7-K88 0 3 ^ 
^ IT! 8 ^i^SMSfeiai ^ ^ U -i^ 8 0 OSrfls 

(MR AM) ^K^Srtrof^o :(DMRAM$r3 8 0t 
■C**S/^?-«ILfc!l, 7- KM 8 0 3SO + 8 0 4 

[0106] (HJ£0!l 9 ) 3lJfc#iJ 4 TM^Sli LfcSOfcWK 

atW*«K»COT»WBfe*^MJIIt!7-KM9 0 
4ttT > X±SFBtl;fiiS:ir^^M9 0 2 t ttfv>, r. 

^±^a i om&f&mLxmmistii^ z<d±\zcux 

0*5!7-KM9O3«r»j«U H 9 (0«*»ft«KS6 

lifiiokfl-eiofeo !7-KM9 o 3 i: 9 0 4^m»ffi 

fB"l"£lS^Lfc 0 W:7-Kl9 0 3 H04i:S» 

2"£iEi^Lfc 0 ty^«|9 0 2«b9 0 4^:/M7 
^fcffifcl^LT-fc^mafco. 0 5mAfiU W 

*r i "o#cf§ t mm" 2 ~<ovM<om*mji *n« t 

T^lSOmV, «S5WK«SfC«:fflV^fc*^-etia«^ 

[0 10 7] 4 X 6 40-7 hy 

JK^ieaLfc«a9>^^T^ir^>^ y — (MR A 
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— (SW-Tr) t h V y^jRKjE 

^ y C MO S i:m t T-7 b ] J y ? 

[0 108] 4 (N, M) #»^*-T-^^««Oiaflktt 
(N, M) #*<o**-eXI6-*-5I7-KI»^«atS:8lt 
U ^r^^^#{- J: «9tro/c 0 i^HiKiCMOSW 
SW-T r Hi 0 #5l^&»ftLT#*^<0«ffi1tt£# 

4M4A5rffll^MRAMT1i*-^^!j — *^<0» 

Srffl^fcMR AMIi* ofe< ffi^WWi^ofeo r 

[0109] 

[01] 



[mi] tt&nmmffimmm*to-m*&irtn 
im2] *ftw<Dmimfc&&m*<D-m*^irm 

[83] **MO«««ttSft**^(^--MS:*i-BI 
[0 4] *5BWo«««tta**^^^«llL^#-i-4 

IBS] *«W^«««ta«!i**^Srffli^, 

Ko-0ij£^-r0 
[07] **W^»«;ffi«:a**^S:«v^fc««lE»S 
£SB<^-#J£^1-0 
[08] *«M©GMR«tfflV>fc^ * y #j 

[09] *58WOTMR]«S:ffi^fc7«^ey-|R^— M 

i o o «««ets***^ 
i o i s&ji 

1 0 2 @5feJI 
1 0 3 gj^/i 
1 0 4 &*te^/H#NH*fej« 

105, 106 uvm 



[02] 



100 



^lasioi 



-WM105 
*MttttfiM04 



V&K106 



102 



200 



-SE&B101 




3HB14H104 
BMM106 
sssagszoi 

^ife8201A 



US/1 

102 



[03] 



14] 



r 



300 



T^fi81SR303 " 

*6uttffl3Q2 
K&K304 



CttBll>103 
K&E105 



301 



102 



TWJK201A 



iEfc»301 



( ~ o <0 fcB « Bt£B 303.3Q4 © A * jftf 5 
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[E15] [B6] 




(51) int. ci. 7 mm^ 

HO 1 F 10/16 

10/30 

10/32 
H 0 1 L 27/105 

(Bit**) J SM^rtl5di£»Bi]#«ffi»30* 



F I 

H 0 1 F 10/30 
10/32 

H 0 1 L 27/10 
G 0 1 R 33/06 



4 4 7 



R 



d2)^m tern m& 

F ^ — A (#%) 2G017 AA02 AB05 AD55 

5D034 M02 BA03 BB01 CA03 
5E049 AA04 AA07 BA12 CB02 DB12 
GC01 

5F083 FZ10 GA01 GA11 JA37 PR22 



